Silver ion promoted ring expansions of geminal dibromobicyclo[n.l.O]alkanes represent a useful approach for the construction of medium sized rings.la-h The ring opening, when performed in the presence of strong nucleophiles (H20 or CHsOH), generally leads to cyclic structures with a trans geometry. The mechanism of formation, which has been discussed recently by Reese et al., is visualized in Scheme I. In most cases only one diastereoisomer was formed. This could be explained by assuming that attack of the nucleophile should be concerted with the ring opening. From these observations the intermediacy of a free trans cation was made questionable.
Recently we presented a method which permits the stereospecific synthesis of medium-sized rings by the reaction of geminal dibromobicyclo[n.l.0]alkanes with silver tosylate in acetonitrile. 5 We observed that on reacting 9,9-dibromobicyclo [6.1 .O] nonane (3) and 10,10-dibromobicyclo[7.1.0] -decane (4) with silver tosylate only cis products were formed though the exo bromine atom was released; viz., cis-2-bromo-3-tosyloxycyclonon-1-ene (13) and cis-2-bromo-3-"ONO, Br Br Br 
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tosyloxycyclodec-1-ene (14), respectively. The formation of such cis products was rationalized by assuming the intermediacy of a free trans cation in both cases, which isomerizes rapidly to the cis cation before reacting with the weakly nucleophilic tosylate anion. Ring expansion of 9,9-dibromobicyclo[6.l.O]non-4-ene (1) and of 8,8-dibromobicyclo[5.l.0]octane (2) with silver tosylate led to trans,cis-2-bromo-3-tosyloxycyclonona-l,6-diene (15) and trans-2-bromo-3-tosyloxycyclooct-l-ene (16), respectively. This result is not surprising since the full development of a trans cation in these latter systems would represent an energetically unfavorable situation and consequently the tosylate anion enters simultaneously with the ring opening.
A series of ring expansions we performed with silver nitrate, in order to investigate the scope and limitations of this reaction, corroborated the assumed tendency (vide supra). Reaction of the dibromides 1 and 2 led, as expected, to trans,cis-2-bromocyclonona-l,6-dien-3-yl nitrate (6) and trans-2-bromocyclooct-l-en-3-yl nitrate (i'), respectively, whereas 3 gave the cis-2-bromocyclonon-l-en-3-yl nitrate (8).
In contrast to the silver tosylate promoted ring opening the reaction of 4 with silver nitrate afforded a 1:1 mixture of transand cis-2-bromocyclodec-l-en-3-yl nitrate (9 and lo), respectively. However, this could be reconciled easily with the proposed mechanism. The nitrate anion, which is a slightly better nucleophile than the tosylate anion, reacts more rapidly with the transient cation and thus suppresses partially the isomerization in the less strained ten-membered system (see Table I ). The conformations of the newly formed double bonds were established in a chemical way, on synthesizing 6-10 by nitration of their corresponding alcohols with acetyl nitrate.6a-b
From all these observations it became apparent to us that both the nature of the initial bicyclic system and the nucleo- products after chromatography. b Registry no. philicity of the attacking anion might be the main parameters in determining the percentage of cis and trans products in the silver ion assisted ring expansion reactions. In order to demonstrate this we performed a series of silver ion assisted alcoholysis reactions which unambiguously support this theorem.
Relying on the previously presented data it is clear that 9,9-dibromobicyclo[6.1..0]nonane (3) is the most interesting substrate to submit to the silver ion assisted ring opening, because it is the smallest ring in this series which obviously possesses the property of undergoing ring opening in a "semiconcerted" manner leading to a strained transient trans cleophilicity, viz., methanol, ethanol, 2-propanol, and tertbutyl alcohol. All these reactions were carried out at 40 "C with a twofold molar excess of silver perchlorate. After 20 min of reaction the starting material had disappeared (the reactions were monitored by TLC, using benzene as eluent). The results from the alcoholysis reaction of 3 have been presented in Table 11 . From these results it is readily recognized that decreasing nucleophilicity (CHsOH > CzH50H > i-CsH70H > t-C,H,OH) leads to an increase of cis isomer in the final product. On performing the alcoholysis in tert-butyl alcohol the cis product even predominates. It should be mentioned that under the conditions applied for the ring opening of 3 the 9-endo-bromobicyclo[6.1.0]nonane (19) proved to be nearly with silver perchlorate in tert-butyl alcohol at 40 "C a very rapid reaction took place, which led to the formation of nearly pure trans-3-t ert -butoxycyclonon-1-ene (24); see Table 111 . Only a minor amount of the corresponding cis isomer was formed. This result is not surprising since the absence of the bulky bromine atom decreases the severe steric strain in the transient cation and thus diminishes the propensity for isomerization to the cis cation. It is interesting to note that a similar tendency is also observed in the ring expansion of 5 with silver nitrate. In this case predominantly trans-cyclonon-l-en-s-yl nitrate (1 1) is formed. A significant release of strain can also be effected by extension of the carbon chain by one carbon atom. So, on treatment of the next higher homologue 4 with silver perchlorate in tert -butyl alcohol mainly trans-2-bromo-3-tert-butoxycyclodec-l-ene (22) was formed. The corresponding cis isomer (23) represented only 20% of the product.
Finally, we wish to note that 8,
octane (2) and 9,9-dibromobicyclo[6.l.O]non-4-ene (1) afforded only trans products on reaction with silver perchlorate in tert-butyl alcohol, viz., trans-2-bromo-3-tert-butoxycyclooct-1-ene (21) and trans,cis-2-bromo-3-tert-butoxycyclonona-1,6-diene (20), respectively. It was nearly self-evident that these reactions would proceed in a completely concerted manner. Structure Assignments. The configurations of products 17a-d and 18a-d arising from the ring expansion of 3 were determined with the aid of their 'H and 13C NMR spectra (see Table IV ). In the proton spectrum the trans products 17a-d exist as two rapidly equilibrating diastereoisomers (rotation of the trans double bond through the loop of the ring).6b Their spectra display typical double doublets for the olefinic region. The methine part of the spectrum shows a characteristic double doublet and a lower field multiplet. The corresponding cis structures 18a-d can be detected readily by their typical olefinic triplet and by the signal of the methine proton: a multiplet which resonates always a t lower field than the methine protons of the trans diastereoisomers. These observations are in good agreement with recently reported data for similar compounds.] An additional and valuable method of determining the structures of the products consisted in comparison of the 13C spectra. Of importance is the resonance of the allylic carbons. One of these, to which the alkoxy substituent is attached, may readily be found.
For the cis isomers this latter allylic carbon resonates generally a t 5-10 ppm upfield relative to the allylic signal of the corresponding trans diastereoisomer^.^ In this way the mixtures 22,23 and 24,25 were analyzed unambiguously, as well as the mixture of cis-and trans-cyclonon-1-en-3-yl nitrate (11 and 12) .
The structural assignments of the two trans compounds 20
and 21 were made in accordance with their 'H NMR spectra.
The coupling constants were in good agreement with the values measured in analogous compounds. Chemical evidence was obtained in the following way: on refluxing a solution of 20 in toluene containing a catalytic amount of p-toluenesulfonic acid for 10 min the parent alcohol 26 was obtained. In 
27
+ 28 a similar way the tert-butoxy group was removed from 21. This afforded a 3:2 mixture of trans-and cis-2-bromocyclooct-1-en-3-01 (27 and 28, respectively).1°
Experimental Section
General. The dibromides 1-4 were prepared by reaction of the appropriate olefins with dibromocarbene, generated from bromoform and potassium tert -butoxide in pentane." Cyclononene, required for the preparation of 4, was obtained from 9,9-dibromobicyclo-[6.1.0]nonane (3) by conversion to cyclonona-1,2-diene and subsequent reduction.12 9-exo~Bromobicyclo[6.1.0]nonane ( 5 ) was obtained from the dibromide 3 by ireduction with dimsyl anion in MeZSO.1:' The corresponding 9-endo-bromobicyclo[6.l.0]nonane (19) was obtained via tri-n-butyltin hydride reduction of 3.'* 'H NMR spectra were obtained on a Varian T-80 spectrometer and 13C NMR spectra were measured on a Varian HA-100 apparatus at 25.12 MHz.
A typical experimental procedure for the preparation of the nitrate esters is exemplified with the preparation of 8. The alcoholysis reactions were performed at 40 "C, starting with an initial 1 M concentration of silver perchlorate; a typical experiment is illustrated by the preparation of 21.
cis-2-Bromocyclonon-l-en-3-yl Nitrate (8). A solution of 2.82 g (0.01 mol) of 9,9-dibromobicyclo[6.1.0]nonane (3) and 3.38 g (0.02 mol) of silver nitrate in 20 ml of acetonitrile was refluxed with stirring for 4 h (progress of the reaction was monitored by TLC). After cooling the reaction mixture wals poured onto 100 ml of saturated sodium chloride solution and 75 ml of ether. Stirring was continued for 10 min and the mixture was filtered through Celite. The organic layer was separated and washed twice with water. The product which remained after drying and concentrating was separated from some TLC immobile material by Chromatography through a short silica gel column, using pentane as eluent. Upon bulb to bulb distillation 1.86 g (78%) of 8 was obtained as a colorless oil. NMR data are presented in the Product 8 was obtained also by nitration of cis-2-bromocyclononl-en-3..01. To 3 ml of acetic anhydride was added 265 mg (1.1 mmol) of Cu(N0&3H20. After the appearance of the typical precipitate of cupric acetate the mixture was stirred for an additional 15 min and then cooled to 0 "(3. A solution of 210 mg (1 mmol) of cis-2-bromocyclonc,n-l-en-3-o15 in 2 rnl of methylene chloride was added in 1 min. The mixture was stirred Ior an additional 5 min and then poured onto 20 ml of water. After neutralization with solid sodium bicarbonate the product was extracted with ether. The oil which remained after evaporation of the organic phase was chromatographed over a short silica gel column (pentane as eluent) and afforded 240 mg (91%) of 8.
trans,cis-2-Bromoc~~clonona-l,6-dien-3-yl Nitrate (6). This compound was prepared in 62% yield by refluxing a solution of 2.80 g (0.01 mol) of 1 and 3.38 g (0.02 mol) of silver nitrate in 20 ml of acetonitrile for 3 h. Some TLC immobile material was separated by chromatography through silica gel using pentane as eluent. Analytical material was obtained by microscale distillation. NMR data are presented in the table; IR (neat) 3000,2925,2860,1625,1540,1530,  1440,1360,1295,1270,lf~60,1215,1192,1170,1078,972,955,924,900 trans-2-Bromocycloeoct-l-en-3-yl Nitrate (7). The nitrate was obtained in 71% yield as an oil from reaction of 2.68 g (0.01 mol) of 2 and 3.38 g (0.02 mol) of silver nitrate on refluxing 4 h in 20 ml of acetonitrile. The crude product was chromatographed through a short column of silica gel, using pentane as eluent, to remove some traces of TLC immobile material. NMR data are presented in the table; IR  (neat) 2-Bromocyclodec-l-~~n-3-yl Nitrate (9 and 10). A mixture of 2.96 g (0.01 mol) of dibromide 4 and 3.38 g (0.02 mol) of silver nitrate in 25 ml of acetonitrile was refluxed for 3 h and worked up in the usual manner. After chromatography through a short column of silica gel (pentane) 2.72 g (83%) of a colorless oil was obtained which according to the NMR spectrum consisted of a 1:l mixture of 9 and 10. An analytical sample was obtained by evaporative bulb to bulb distillation. I3C spectrum (CDC1:j) 24.2, 26.6, 27.4, 28.9, 31.5, 82.9, 128.0, 134.7
PPm.
trans-2-Bromo-3-tert-butoxycyclooct-1-ene (21). To a solution of 4.14 g (0.02 mol) of silver perchlorate in 20 ml of tert-butyl alcohol (-15 g) was added to 40 "C with vigorous stirring 2.68 g (0.01 mol) of 2. Precipitation of silver bromide began immediately. After 20 min the starting bromide had disappeared (as evidenced by the thin layer chromatogram, Merck silica gel plates, benzene as eluent). Then 20 ml of saturated sodium chloride solution was added. The mixture was stirred for about 5 min and filtered through Celite. After dilution with 100 ml of water the product was extracted twice with ether. Upon washing, drying, and evaporation of the solvent 2.16 g (83%) of pure 21 remained as a colorless oil.l0 The NMR data are presented in Table  IV. A solution of 1,3 g (0.005 mol) of 21 in 10 ml of toluene, containing about 100 mg of p-toluenesulfonic acid, was refluxed for 10 min. The mixture was washed twice with 10% NaZC03 solution and once with water. After drying and evaporation of organic phase 0.75 g (74%) o f a 3:2 m i x t u r e o f trans and cis alcohol 27 a n d 28, respectively, was obtained. These t w o alcohols were separated by column chromatography (silica gel, chloroform-2% methanol as eluent): Rf (cis, 28) 0.35; Rf (trans, 27) 0.29. NMR (CDC13) for 27: 6 4.18 (dd, 1, methine H-3,
